IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



i» re Patent Application of: 
Motonori Yamamoto et al 

Application No,: 1 0/567,3 07 Confirmation No,: 3025 

Filed; May 3, 2006 Art link 1790 

Eor: S:i0fiBaTOmE.POjbYESamMiKt(JlUs Examiner. S . Ikug 

SUBMISSION OF VERIFIED TR ANSLATION, 

Cofnimssioner ibr Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 
Dear Sir: 

Appl leasts hereby submit a vmfkd imnsisilon of Oemtau pUmi application 
BE 10536387,4, filet? August 0, 2003, to which Oils application claims priority:. 

Applicant believes mr fm is duewith this response. However, if a tee is doe, please 
charge Our Deposit. Account No. 03-27/5. under Order No. 12&10-0G192-USI from which the 
omrlersigaed h authorized to draw. 



Dated: January 18, 20! 1 



Respectfully submitted, 

Liecnouie signature: /Georg M 1 Dsselntaim/ 
Georg hi. Basxcimooo 

Registration No.: 02,324 
CONNOLLY BOVE LODGE & BUTZ LLP 
.1875 Eye Street. HW 
Suite 1100 

Washington, DC 20006 
(202) 33 1-7! 11 
(202)223-6:29 (rax) 
Attorney for Appiicaot 



In re: 
Serial #: 
Filing Date: 
Group Art Unit; 



Motsnori Yamanioto 

1 0/56? : 10? 

04th August 2004 



Examiner: 
Confirmation #: 
Attorney Docket #: 
Invention Title; 



unknown 



rhuuuouo4; ob 



Siologlsch ahbaubare Polyestermischung 



United States Patent and TrademarK Offioe 
Customer Service Window, Mail Stop Kissing Parts 
Randolph Building 
401 Dulany Building 
Alexandria, Virginia 22314 



TRANSLATION STATEM£NT.U.NDER,37LCf^.#1.^M)^). 
I, Neii Thomas SMPKM BA. 



1 That I am a citizen of the United Kingdom of Greet Britain and 
Northern Ireland. 

2, That the translator responsible for trie attached translation Is well 
acquainted with the German and English languages. 

3. That the attached English translation is an accurate translation to the 
best of RWS Group Ltd knowledge and belief of the above identified 
patent application filed In the German language. 



declare: 



N. T. SIMPKiM 



Deputy Managing Director 
UK Translation Division 



RWS Group LM, Europe House, 
Marsham Way, Gerrards Cross, 



Buckinghamshire, England 



BASF AMt£e?igesellsehatt 



% <"•■ ft' 



p$.v *c*7$*R OO 



Biodegradable polyester mixture 
Description 

§ The present invention relates to biodegradable polyester mixtures comprising 

from 5% to 80% by weight based on the total weight of components I to ii, of at least 
one polyester based on aliphatic and aromatic dicarboxyiic acids and an aliphatic 
dihydroxy compound (component 1} and 

10 

from 20% to 05% by weight, based on the total weight of components i to if, of at leas; 
one renewable raw material (component «) and 

from 0.1% to 15% by weight, based on the total weight of components i to II, of a 
1 6 component Hi which Is capable of forming covaient bonds with both component 1 and 
component ii. 

The present invention further relates to processes for producing biodegradable 
polyester mixtures, to the use of bio^egmdeible polyester mixtures for producing 
20 blends, moldings, films, sheets or fibers and also to blends, moldings, films, sheets M 
fibers comprising biodegradable polyester mixtures. 

Biodegradable nMures of synthetically produced polymeric materials and naturally 
occurring, usually high; molecular weight or polymeric materials on a vegetable base, 
25 be,, renewable rew materials, are Known. Such mixtures constitute an ideal 

combination of desirable properties of the Individual components, for example the 
generally good processing and mechanical properties of synthetic polymers with the 
usually lower cost and ecologically sound production arte disposal of naturally 
occurring materials, 

30 

in practice, however. It is often difficult to achieve the desired combination ef 
properties. Thus, although It is commercially and ecologically desirable to aim to 
maximize the fraction of inexpensive and ecologically sound ranewables in the 
mixtures, such mixtures possess inadequate processing or mechanical properties 
30 because of the often only poor mlsclblilly and the low fraction of synthetic polymer. 

Biodegradable dnterpoiyrnef blends formed f rem synthetic arte natural polymers that 
exhibit improved m!sc4b!iiiy of the components are disclosed in WO 33033456. This 
reference teaches that virtually ail synthetic polymers - even nonbiodegradable ones - 
40 can be used, provided they have a functional gnanp which, on reactive blending at 

elevated temperatures, four; covaient and physical bonds with the natural polymer, for 
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example carbohydrate such as starch or cellulose. But the disadvantage with these 
"irtepdymars" or blends is that ®em & blcdegradabiitly only tor the bonds between 
synthase polyrnSr m$ natural polymer as well as tor (he natural polymeric component 
any fractions of "synthetic, nonbiodegradable p$yrng.fs. r&rri&ift n$nt?k}Segradabfc.- The- 
5 dnlerpotymenr or blends disclosed in WO 93/23456 are thus only partly biodegradable. 

Fully biodegradable mixtures of aliphatic polyesters eonMntng aliphatic hydroxy 
carboxyllc acid residues and biomass materials are described by EP-A2 397 943. The 
improved misclbllity of these components ; s enabled by the presence of an unsaturated 

1 0 carboxyllc aoid which forme covatent bonds to the aliphatic polyesters at one end and 
the biomass materials at the ether during a heating and kneading operation, The entire 
mixture and also the covaientiy bound aliphatic polyesters containing aliphatic hydroxy 
carboxyllc acid residues are indeed fully biodegradable; however, the degradation rata 
of the mixtures (re., the fraction of degraded material within a defined time) could do 

1 5 with improvement for many applications. 

It is an object of the present invention to provide ybiodagradabie polymer mixtures which 
contain a high fraction of Inexpensive and ecologically sound renewables and which 
have improved degradation rates as well as good processing and mechanical 
20 properties. 

VVe Have found that this object Is achieved by the biodegradable polyester mixtures 
which were defined at the outsat and which will now be more particularly described, 

28 Component I for producing: the invents biodegradable polyester mixtures can In 

principle be any polyester which is based do aliphatic and aromatic dicarboxyfic adds 
and an aliphatic dlhydroxy compound. Giz. s a polyester known as a partly aromatic 
polyester, Mixtures of plural such polyesters are of course also suitable for use as 
component i. 

30 

As used herein, the terra "partly aromatic polyesters" shall else comprehend polyester 
derivatives such as pelyetfteresters, polyesieramides or poiyeiheresteramides. Useful 
partly aromatic polyesters include linear nomcbsimextencted polyesters 
(WO 92/09854), Preference is given to chain-extended and/or branched partly aromatic 
35 polyesters. The latter are known from the. references cited at the beginning, 

WO 96/ 131 7c to 13176, 21689 rc 21092, 25448, 25448 or WO 93/12242, which are 
expressly Incorporated herein by reference. Mixtures of differently partly aromatic 
polyesters arc similarly contemplated. 
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The particularly pmferred partly aromatic polyesters Include polyesters containing as 
essentia; components 



A) an acid component comprising 



al ) from 30 to 99 mol% of at least one aliphatic or at least one cycloaliphatio 
dlcarboxyfic acid or Its ester-forming derivatives or mixtures thereof 

a2) fi ora 1 to 70 rnoi% of at least one aromatic dicarboxyllc acid or its aster- 
foresee derivative or mixtures thereof and 



a3) from 0 to 5 moi% of a sulfonated compound, 



8) a dbl component selected from at least one C r to C ir alkanedIol and at least one 
C r to C,ircyc!oaikanedioi or miftutite thereof 

and if desired additionally one or mom components selected from 

C) a component selected • 



d) at least one dihydroxy compeund whicd contains ether functions and has 
the formula ! 

H0H(CH,) !: -O] ::r H (I) 

where n Is 2, 3 or 4 and m Is an integer from 2 to 2c0, 
c2) at least one Hydroxy csrboxylio acid of the formula I fa or lib 

HO-f~C(0>-G H3~4o H 

t-C(O) G Oil 

' (Ha) (lib) 



where p is an Integer from 1 to 1 500, r is an Integer from 1 to 4 and G is a 
radical selected from the group consisting of pbsnylene, dCH. ; ). r . where q 
is an Integer from 1 to 5. -C(R}H- and ~G(R)HCH S! where R Is methyl or 
ethyl. 
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c3; at feast one artono-Cr to C,-aikarto or at toast one. amtoo-Cr Cor 
esycfoaJkanoi or nmoures lharasf 

c4) to feast one ctonifeo-€ r to C r a|kane 

co) at least oris 2,2toblso.xazoiine of the ger^ra! formula III 

C R- — C | (Hi) 

where R ; is a singe bond, a (CH ; to--3ifcylene group, where z ■■■ 2, 3 or 4, or a 
phanyieoe group 

c8j at feast one amino earhoxytie acid selected flfern the group consisting of the 
natural amino acids, polyamidea obtoinable by polycendenstolon of a 
dicarboxyiic acid having from 4 i© a carbon atomaand : a diamine having 
from 4 to 10 carbon atoms, compounds of the formulae IV a and IVb 



HO- 



"t — C{0) — T — N{H'J — 1~. H 
£h7M 



+-C(0> T---Ntoh™jt 



where s Is an integer from 1 to 1500, t is an integer from 1 to 4 and T Is a 
radical selected from the group consisting of phenylene, »-(CH 3 ) ir: where a 
is an integer from 1 to 12, -C(R 2 )H- and -CfRfeHCH,, whera Rfe Is methyl or 
ethyl, 

and pofypxassofines containing the repeat udit V 



-[ N-CH. ; CH.4 00 

G==C--R 3 



where of Is hydrogen, C,-C s -aikyh C s ~CVcycloalkyi, unsubstltatod or G ; -G,- 
aikylooonosubstitutod, tolsuhstittoed or ^substituted phenyl or is 
fetrnhydrotoryi. 



or mixtures of ol to cS 
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0} a component selected from 

5 

dl) at least one compound having ai least three groups capable of ester 
form ati on , 

d2) at least one isocyanaie 

10 

d3) at feast one dlvirsyi ether 

or mixtures of dl; to d3). 

1 5 The acid component A of the partly aromatic polyesters contains, in a preferred 

embodiment, from 30 to 70, and especially torn 40 to 80 mol% of si and from 30 to 
70, and especially from 40 to 60 mol% of a2. 

Useful aliphatic acids and the corresponding derivatives ai ere generally those having 
20 from 2 to 1 0 careen atoms and preferably from 4 to 6 carbon atoms. They may each be 
linear or branched. CydoaJIphafie torboxyilc acids useful In the present invention are 
generally those having from Tie 10 carbon atoms and especially those having 
8 carbon atoms. In principle, however, diearboxyhe adds having a lamer number of 
carbon atoms, for exarnpte up to 30 carbon sterns, can also he used. 

2o 

Specific examples are: malemc scld, succinic acid, giutsno acid, eeneihyiglutahc acid, 
3»metbylg!ateric acid, adiplc add. plmellc aeid : aselalo acid, sebocic acid, fumade acid, 
2,2-dlmetsylglutanc add, Mshebc add ; 13-cycloperstanedlcereexyllc acid, 
1 ,4~cyd0hexanedlcafboxylic add, 1,3-oydohexanedicarbexyiic acid, dlgiycollc acid, 
30 liaconic acid, roaleic acid and l^morbomanedtcarboxylic acid. 

Similarly useful ester- ibnning derivatives of the abovementtoned aliphatic or 
cyclosilpbatlc dlcarboxyiic acme are m particular the di~G r to C r -aiky1 esters, such as 
dimethyl, diethyl, di-m-propyl, dlisopropyi, dl-n-butyh dilsobaiyi, d; -t-bufyl, ahm- 
35 parity!, dllsopeniyl or di-n-hexyl ester. Anhydrides of dlcarboxyiic acids can likewise be 
used. 

Dlcarboxyiic acids or their ester-forming derivatives can be used singly or as a mixture 
of two or mora thereof, 
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Pm&Mr preference is giver; to using adipio acid or sebaelc add or their respective 
ester-forming mtm&m or mixtures feeraof. Particular preference b given to using 
adipio acid or its esterubrmlng derivatives, such as its a%1 esters or ttW*** thereof. 

5 Useful aromatic dlcarboxyilc acids a2 are generally those having from 8 to 12 carbon 
atoms and preferably those having 8 carbon aierns. Examples which may be 
mentioned are terepbthaiic acid, Isaphfealie add, 2,5-naphthmc acid and Ixoemphthoic 
acid and also ester-forming derivatives thereof. Especially the di-Cr-C fi --aikyl esters, for 
example dimethyl, diethyl di-e-propyt, dllsonropyk dl--m---butyk diisobLttyl, mm- butyl, 
1 0 e: m-norny!. dlisopentyl or di~n-l lexyl ester, may oe mentioned. The anhydrides of the 
dicamoxyiic acids a a are similarly useful esfeeibrrning derivatives. 

In principle:, however. It is also possible to use aromatic dlcarboxyilc acids a 2 having a 
larger number of carbon atoms, for example up to 20 carbon atoms. 

IS 

The aromatic dicarbexylic acids er their ester-forming derivatives a2 can be used singly 
or m a mature of two or mere thereof, Particular preference is given to the use of 
terepbthajlc acid or its aster-forming derivatives such as dimethyl terepbthalafe:. 

20 The sulfonated compound used will usually be an alkali or alkaline earth metal salt of a 
sulfonated dlcarboxyilc acid or its ester-forming derivatives, preferably alkali metal salts 
of S^ulprmisophthailc acid or mixtures thereof, the sodium salt being particularly 
preferred, 

28 In one of the preferred embodiments, the acid component A comprises from 40 le 
SO mm of a 1, from 40 fa 60 raol% of ax and from 0 to 2 mol% of ad. in a further 
preferred embodiment, the acid component A comprises from 40 to 5S.9 mol% of al, 
from 40 to 59,9 mo!% of a2 and from 0.1 to 1 mol% of a3, especially from 40 to 
59.6 mol% of al , from 40 to 59.8 nmt% of a2 and from 0,2 to 0.5 mof% of a3 

In general, the diois 8 are selected from branched or linear alkaoedlols having from 2 
to 12 carbon atoms, and preferably from 4 to 6 carbon atoms, or cycioelkarmdiols 
having from 5 to 10 carbon atoms, 

35 Examples of useful alkanedlols are ethylene glycol, i ,2~propanedk>k 1,3- propanediol, 

1 . 2- bufansdroh 1 ,4-huianedioi. 1 J-penfanediak 2,4--dirnethyl-2--ethyihexaoe- 1 .3-dlol, 
2 ; 2-dlmeiayl~1 .^propanediol, 2-ethyh2-buiyi-1 ^--propanediol. 2-afiwl-24sobutyl~ 

1.3- prooanedlok 2 ! 2,4--fnmethy01 > 50iexanedloL especially ethylene glycol, 

1 ,3~propsnediok 1,4-butanedlol and 2,2-dimethyi--1.3-propanedioi (neopentyl glycol}; 
40 cyciopentanedlol, 1 .4-cyclohexanedlok 1 ,2-myclohexandimefhanok 1 ,3-cyciormxane- 
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dlmefhanol, 1 ! 4^bte^h%d?me^a.nx>! or 2,2A4dettsmethybl .3<;yolobutanedlol. it is 
also possible to use mbcfuret of different alkanedlols. 

Depending on whether an excess of acid: or OH end groups is desired, either 
component A or component 8 can be used in excess. In a preferred embodiment the 
molar ratio of components A to 8 used can be in the range free; 0.4:1 to i.5;1 and 
preferably in lh« range from 0.6:1 to 1.1:1. 

As wall as the components A and 8, the polyesters on which the inventive polyester 
mixtures are based may contain further components. 

Dihydroxy compounds cl em preferably diethytene giycoL trlethyieneglycor 
polyethylene glycol, polypropylene glycol and pofytetrahydroferan (paly-THF), more 
preferably methylene glycol triethylene glycol and polyethylene glycol, it alec being 
possible to use mixtures thereof or compounds haying different variables n (see 
formula I), for example polyethylene glycol which contains propylene units (n ~ 3), 
obtainable for example by conventional polymerization of first ethylene oxide and then 
with propylene oxide, more preferably a polymer based on polyethylene glycol having 
different h variables subject to the proviso that units formed from ethylene oxide 
predominate. The molecular weight (M,) of tha polyethylene glycol Is generally in the 
renge fern 2§0 to 8600 and preferably m tim range torn 800 to 3000 g/mot 

In one of the preferred embodiments, for example, from 15 to SS end preferably from 
$0 to 99.5 mm of diois 8 and from 0.2 to 85 and preferably from 0.5 to 30 moi% of 
dihydroxy ' compounds cl, based on the. molar amount of B and of, can be used for 
produdlng partly aromatic polyesters. 

In a preferred embodiment, the hydroxy carooxyllc acid 02) used is; giycollo acid, 
L-, D.Ldactic acid, 6mydrcxyhexanoic add, their cyclic derivatives such as glycoside 
(1 : 4-dlcxane-2,5"dicno} ; D-. L-diiactide (3,6-dlmePiybl ,4mloxerie-Pf mmlone), 
p-Aydroxybermoic acid and also oligomers and polymers thereof, such as 3- 
polyhydrcxybutyrio acid, polyhydroxyvaieric acid, pciylsctide (obtainable lor example as 
EcoPLA* from Cargill) and also a mixture of 3~polyhydmxybutyrlc acid and 
polyhydroxyvaiehc acid (the latter Is obtainable from Zeneca as Biopofj, particular 
preference for the production of partly aromatic polyesters being given to the low 
molecular weight and cyclic derivatives thereof. 



The hydroxy carhexyiie acids can be used for example In amounts of from 0.01% to 
50% and preferably from 0.1% to 40% by weight based on the amount of A and B. 
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The amino-C-C^r Sikanol or urnirm^rCurcyloaiksnoi (component c3) t which shall 
aiso cover 4"arninornothyfeyc;oh$xanemethanol J is prefer ably an amino~C r (Vaikanoi 
such as 2-anknoeihonol, 3-am>?>opropaaa! ( 4--amioobulancl S-amlnapentanol ; 
o-ammohexanol or an archia--C;rC 5 -cyoi : oaikaria! such as srninooyclopemanoi and 
S andhocyelohexanol or mixtures thereof. 

The rjiamino-C-C^-askane (component c4) is preferably a diarrrino-4VC r aikane such 
as 1,4mlmlnobufane, i ( 5--dranonoperrrane and l3>-dian4nohe>ome ( hexa math vie ne- 
diamine, HMD). 

10 

In a preferred embodiment, 'from 03 to 99.5 mof% and preferably from 0.5 to 50 mmh, 
of c3, based on the malar amount of B, and fro;a 0 to 50 and preferably from 0 to 
35 raoi% of c4, based on the molaramounf of S» can he deed for producing partly 
aromsttc polyesters, 

15 

The 2,2'~bimmm\\m$ c5 of the general'fermula ill ate generally obtainable by the 
process of Angew, Cham. int. Edit, Voh i 1 (1872} : 287-288. Particularly preferred 
blsoxazoknes ere those in which R 1 is a Single bond, a (CH s } :r -aikylena group, where 
"z« 2, 3 or 4, such as methyfene, 1 : 2-«thaned!yl ; l^-propsnedlyl, 1,2i?repanedryk era 
20 phenyiene group. Farticylady preferred biao:xa£ollnee are 2,2 •-bi&(2-oxa20lino) f 

bisi^-oxazoiinyijreathana, 'k2-his(2-oxa2ol!nyl}ethane t 1 ( 3™bisC2™oxszoiiny1)propane 
or l^fepHSx^ro-llnyObotane, especially 1 >4-~bis{2~oxa2oiifw!}benxene : 
1 ^-bisia-oxaxoiirvyi}^;-^.^ or 1 ,3-his(2-oxaxollnyl}benxene. 

25 Partly aromaild polyesters can he produces' using for example from 70 to OS mor% of 
B. up to 30 mo!% of o3 and from 0.0 to 30 rool% of c4 and from 0.3 to 30 mol% of cu : 
each percentage being eased on the sum tots! of the molar amounts of components 8, 
c3, c4 and co, in another preferred embodiment. It Is possible to use from 0,1% to 0% 
end preferably from 0.2 io 4% by weight of co, based on the total weight of A and 8, 

30 

Component oo can he a natural amino carboxylic acid. Natural amino carboxylic adds 
include valine, leucine, isoleucine, threonine, methionine, phenylalanine, tryptophan, 
lysine, alanine, arginioe, aspartic acid, cysteine, glutamic acid, glycine, hlslidlne, 
proline, serine, k-yoslne, asparagine or giutsmlne. 

30 

Preferred amino carboxylic acids of the general formulae IVa and IVb are those 
wheresn s Is an integer horn, 1 to 1000, tie an integer from 1 to 4, and preferably 1 or 2 
and T Is selected from the group consisting of phenyiene and -(CH : >) ;r , where a Is 1 : o 
or 12. 



40 
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Furthermore, cd can also be a paiyoxaxoiine of the genera! formula V, Bui co can also 
be a mixture of different amino carboxylic acrds and/or potyoxazolines. 

In a preferred embodiment, c€ can be used in amounts from 0.01% to 50% and 
5 preferably from 0:1 to 40% by weight, based oa th© total amount of components A and 
B. 

Further components, whose use for producing partly aromatic polyesters is optional 
include compounds dl, which contain at least three groups capable of ester formation. 

10 

The compounds dl preferably contain from three to ten functions! groups capable of 
forming eater bonds. Particularly preferred compounds 01 have from three to six 
functional groups of this kind In the molecule, especially from three to siAhybroxyl 
groups and/or carboxy! groups. Examples are: 

15 

tartaric acid, citric aod, malic acid; 
trimsthylolpropane, trlmofhyloleihane; 
pantaerythriio!; 
polyethertrioia; 
20 glycerol; 

trlmesic acid:; 

trimeiSbc acid, inmeifsc anhydride; 
pyromeitle acid;, pyromeilHib dsanhydrfde; and 
hydroxyisophthaiic acid. 

25 

The amounts of compounds dl used are generally horn 0.01 to 15, preferably from 
COS to 10 and more preferably from 0.1 to 4 mol% ; based on component A. 

Component 02 is an isocyanate or a mixture of different Isocyanates. Aromatic or 
30 aliphatic diisocyanates can be used, However, 4 Is also possible to use isccyanates 
having a higher functionality. 

An aromatic diisocyanate d2 for the purposes of the present invention is in particular 

35 toiyiene 2,4 -isocyanate, toiylene 2,8-dsisocyanate, 2 ! 2 , miphenyimethane 

diisocyanate, 2,4 ! -dlphenylmemane diisocyanate. 4.4'-diphenyimefhane diisocyanate, 
naphthyiens 1 ,o-<il!socysnate cr xyiviene diisocyanate. 
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Of these, 2 ; 2fo 2,4'- and also 4 ; 4foilphenylmefheoe dlisoeysnate are particularly 
preferred for use as a component eg. to general the latter difoocyanates are used ft 
the fore's at a mature. 

5 TrH4ssocyanopheny!)?eethar;e is a useful tonuclear Isocyanate d2 Polynoelear 
aromatic diisocyanales arise for example in the course of the production of mono- or 
bfondsar dllsocyarrates. 

Component da may contain minor amounts, for example up to 5% by weight, based on 
1 0 the total weight of component d2, of urethlone groups, for sxampte for capping the 
isocyanate groups. 

An aliphatic dilsocyanate d2 for the purposes of foe present invention la in pedicular a 
linear or branched aikybne dilsocyanate or eyctoalkylene difoocyanate having from 2 to 
1 S 20 carbon atoms and preferably from 3 to 12 carbon atoms, for example 
foSfoexsmethylane di isocyanate, Isepnorone dlisocyanato or mathytoms 
bia(4-isocyan«tocyclohexane}, PsrUoila%"prefertM: afpsatsfc' $Iso(^nat&s til ere 
1,6<foexamefl'rylene diisoeyarmte and Isophomne ditsocyanate, 

20 Preferred isoeyanurates include aliphatic isocyanuraMs which are derived from 
alkyiene diisocyanales or cycloaikyta dak>cyanates having from 2 to 20 carbon 
atoms preferably from 3 to 1 2 carbon atoms, for example isophorone diisocyanafe or 
methylene :bls(4-lsecyanatocycloh8>iane). The alkyiene dlisocyanates may be either 
linear or branched. Particular preference is givers to Isocyanurates which are besed on 

25 n-hexametbyiena dlisocyanate, for example cyclic aimers, pentamers or higher 
oligomers of n~hexaniMhyiesie diisocyanafe. 

in general, component d2 is used In amounfe from 0.01 to 5 : preferably from 0.05 to 
4 mol% aod more preferably from 0.1 to 4 mal%, based on the sum total of ilia molar 
30 amounts of A and B, 

Divlnyl ether do can in general be any customary and commercially available divlnyi 
ether. Preference Is given to using t4--bufaneoioi dlvfnyl ether, Ifoaioxanodloi diviny! 
ether or 1 ,4-cyciobexanedimethanoi dfvfhy! ether or mixtures thereof.. 

.■>. 

CP 

Divlnyl ethers are preferably used in amounts from 0.01% to 5% and especially from 
0,2% to 4% by weight, baaed on the total weight of A and B. 
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Examples of preferred partly aromatic polyesters are based on the following 
components?; 

A, B, dl 
5 A, B. 02 

A 8 ; d'Ld2 

A : B. a 3 

A, B 5 ol 

A, 8, d. 03 
10 A, 8, o3 : c4 

A, B, c3, c4. cS 

A,8,d1,c3,c5 

A, B 5 o3, 03 

A. 8. Go. 0 1 
16 A : 8 ; c1,c3, d3 

A, B. o2 

Of these, partly aromatic polyesters based on A, S,-d1 or A, B, d2 or on A, 8, d'1 f d2 
ar@ particularly- preferred, in another preferred embodiment, the partly aromatic 
20 polyesters are based on A, B, 03, c4, co or A, 8, dl , c3, c5. 

The partly aromatic polyesters mentioned end the inventive polyester mixtures are 
generally bioridgmdsble. 

25 As used herein, a materia] or composition of matter is said to be "biodegradable" when 
this material or composition of matter achieves not less than 60% b i odea rada boo in at 
least one of the three processes defined m the German presianeard specification 
DIN V 54900-2 of September 1998. 

30 Their biodegradablilty generally causes the polyester {mixtures) to disintegrate within 
an appropriate end verifiable Interval. Degradation may be enzymatic, hydrolyflc, 
oxidative arid/or due to the action of electromagnetic radiation, for example UV 
radiation, and may be predominantly brought about by the action of microorganisms 
such as bacteria;, yeasts, molds and algae. Biodegradability may be quantified for 

35 example by mixing polyesters with compost and storing the mixtures tar a certain 

period, Process 3 or DIN V 84900*2, for example, requires that CCmueo air be flowed 
through ripened compost during composting while the compost is subjected to a 
defined temperature program. Here, biodegradablilty ® defined via the mile of net CO ; 
released by the sample (alter deduction of C0 2 released by the compost without 

40 sample) to the maximum amount of CO t reieasable by the sample (reckoned tram the 
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caftan content of the sample) as a percentage degree of biodegradatfon. 
Biodegradable polyester (mixtures) generally show clear signs of degradation, such as 
fuaaai growth, cracking and holing, after just a few dap of composing. 

5 Other methods for determining blodeoradabiiih/ are described for example In 
AS'T'M P 5336 and ASTM D 6400. 

The production of partly aromatic polyesters is known per se or can be effented 
acnor ding to methods known per se. 

10 

Preferred partly aromatic polyesters are oharaoienxed by 8 mpfecuter wesghi (kb) ; n the 
range bom 1000 to 100 000 : especially in the range from 0000 to 75 000 gbnol and 
preferably m the range from 10 Q00 to 50 000 g/moi and a melting point in the range 
bom 60 to 1 ?0 : C and preforabiy in toe range from 80 la 1S0A0. 

IS 

The partly aromatic polyesters mentioned may contain hydrpxyf and/or carboxyl and 
groups in any desired ratio. The partly aromatic polyesters mentioned may also he end 
Qmap modified. For instance, OH end groups may be acid modified by reaction with 
phthalio acid, phthslic anhydride, tnmellsflc acid, isimm anhydride, pyromeHftfc add 
20 or pyromeiiHic anhydride. 

Component il of'tbe biodegradable poiyesfer mixture is In principle selected from 
renawablss known parse. Useful renewable for the invention and their methods of 
making are known to one skilled in the art end ore described lor example In 
25 WO S3/23450 and EP-A2 89? 043, which are expressly incorporated herein by 
reference. 

Preferred fenewahles are polysaccharides of vegetable origin. Renewabies further 
Include cereals, i.e„ cellulose-, lighin-, starch- and/or wood-containing plant 
30 constituents, examples of which include comminuted or ground constituents of cereal 
grains ana cereal chaff. Particularly: preferred: renewable® are selected from the group 
consisting of starch, cellulose, llgnia and wood, with starch being particularly suitable. 

Renewsbies can be used not only in their naturally occurring form but also alter 
35 derivsfoaflon, an example being deslreetnrized starch, Starch Is preferably used m rfe 
naturally occurring form, be,, in its noodesbucfunzed form, Renewables can be used 
for example in the form of fibers or powders, 

Component Hi of the biodegradable polyester mixtures can in principle be any 
40 compound which is capable: of forming coveient bonds not only with component i hut 
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Biodegradable polyester mixtures according to the present invention may include 
further ingredients which me known to one skilled In the art but which are not essential 
to the Invention, Possible ingredients of this idnd are for example biodegradable 
po^mens other than components I and % such as aliphatic homo- or cepolyssfers : for 
example polytactlde, polycaprolaotone, poiybydroxya ikanoates or polyesters formed 
from ailpbotk: dlcarboxyiic acids end diets, or customary plastics technology additives 
such as stabilizers, nentraiizing agents, tuoncanky release agents, antiblocking agents, 
dyes or filters, 

Biodegradable polyester mixtures according to the present invention can be produced 
from the Individual components according to known processes. Such processes are 
known to one skiiied m the art and era described for example in EP-A2 897 943 and 
US 4 < ?82 < 890, which are expressly incorporated herein by reference. 

For example, ell the components I, II and ill can he mixed and reacted in one process 
step in mixing apparatuses known to one skilled in the art, for example kaeaders or 
extruders, at elevated temperatures, for example from 120*0 to 240*C. The reaction is 
preferably earned out In the presence of a freenradlcal initiator. Compounds useful as 
free-radical Initiators, examples being organic peroxide or axo compounds, and 
amounts, are known to one skilled In the eh and are described for example In 
EF-A2 897 943. 

However, biodegradable polyester mixtures according to the present invention can also 
be produced in a process having a first step* of component III being mixed and, In the 
presence or absence of a free-radical initiator, reacted with one of the components i 
and ii, preferably component I, and a second step of the respectively still unused 
component II or i, preferably component II, being mixed in and reacted. Suitable 
materials, apparatuses and processes are known fe one skilled in the art and are 
described for example In EP-A2 8®7 943, 

Biodegradable polyester- mixtures according to the present invention are particularly 
useful for producing blends, moldings, films, sheafs or fibers. Production can be 
effected according to methods known to one skiiied in the ark 

A particular field of application for the biodegradable polyester mixtures having 
Improved degradation rates is tor the production of film and sheet, especially mulch 
films for agriculture- Such mulch films ana applied to farmland to protect usually young 
seedlings. Alter harvesting, these mulch films are left on the fields or plowed under, 
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Substantially complete biodegradation of these mutch films by the start of next year's 
growing season m absolutely vital 

Biodegradable polyester mixtures according to the present Invention provide 
5 biodegradable polymeric mixtures having a high fraction of Inexpensive and 
ecologically safe renewafeles, good processing and mechanical properties and 
Improved degradation rates. 

Testing; 

10 

The molecular might M* of partly aromatic polyester was determined as follows: 

15 mg of partly aromatic polyester were dissolved In 10 ml of hexafiuoroieopropanot 
(HF1P). 12b pi of each of these solutions ware analysed by gel permeation 

IS chromatography (GPCp T he measurements were carried out at room temperature..: 
HHP * 0.05% by weight of potassium trifluoroacekte was used for elation. The elation 
rate was 0.5 ml/rnin. The column combination used was as follows (all columns from 
Shorn Oenko Ltd.* Japan): Shodex* HFIP40GP (diameter 8 mm, length 6 em), 
Shodex* NFIP~S03 (diameter B mm, length 30 ml Shodex* RRP-803 (diameter 

20 6 mm, length 30 cm). The partly aromatic, polyester was detected using an Rj detector 
(differential refrsctonietry), Narrowly distributed polymethy! mefhaerylate standards 
having molecular weights h% « SOS to K% ~ 2 740 000 were used for calibration. Button 
regions outside this interval were determined by extrapolation. 

25 The melting tempei-atoras of the partly aromatic polyesters were determined by DSO 
Measurements using an Exsiet DSC 6200R from Seiko; 

From 10 to IS mg of each sample were heated from -70X to 200 :! C at a rate of 
•20*C/.min under nitrogen, The melting temperature reported for a sample Is the peak 
30 temperature of the melting peak observed. An. empty sample crucible was used as a 
reference In each case. 

The homogeneity of Urn mixtures of components I, if, and Hi and also of the comparative 
mixtures was determined dy pressing each of these mixtures at 1S0 V C to form a film of 
35 30 nm thickness. The fraction of uadispersed component II In these films was assessed 
by visual inspection. 

The degradation rates of the biodegradable polyester mixtures and of the comparative 
mixtures were determined as follows: 

.< 
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The biodegradable polyester mixtures and the mixtures paused for comparison were 
each pressed at 190*0 to form films of 30 pm thickness. These films were each cut into 
square pieces having an edge length of 20 ore- The weigh i of each film piece was 
determihed and defined as "100% by weignt". The Wm p-eces were pieced oa a sdlt- 
3 filled trough in a conditioning cabinet for a period of four weeks, the soil having a 
moisture content (checked once a day) of about 40% based on tea maximum water 
uptake capacity of tea soil Constant env-ronosaual conditions were sat in the 
conditioning cabinet for these tear weeks: a temperature of 30 ; C. a relative humidity of 
about 50% and 765 Wan 3 irradiation of the films in the wavalength range from 300 to 
10 800 nm from a Heraeus SUN7E3T accelerated exposure instrument. The remaining 
weight of each film piece was measured at weekly intervals and converted to % by 
weight (based on tee weight determined at tee start and defined as "100% by weightT. 

Materials used; 

IS 

Component I: 

kU Polyester M was produced by mMhg 87.3 kg of dimethyl terephthalste, 8113 kg 
of adfpks add, 117 kg of 1 ,4-butanedlol and 0.2 kg of glycerol together win 

20 0,028 kg of fetrafoutyl orthotltanate (TBOT), the molar ratio between alcohol 

components and acid component being 1.30. The reaction mixture was heated to 
ISO* G and reacted at 180 W C for 0 n. The temperature was then raised to 240*C 
and excess dihydroxy compound was distilled off under reduced pressure over a 
period of 3 h. Then 0.9 g of hexamelhviene dilsocyanste wax gradually metered 

25 In over 1 hat 24 0*C, 

The thus obtained polyester 1-1 bad a melting temperature of i 19*0 and a 
molecular weight gvy of 23 000 g/mel. 

30 Component is: 

The faiiowing were used as component si: 

tei : Potato starch in powder form having an average particle diameter of 30 am, 
35 li-2; Cellulose fibers having an average length of 45 pm and an average thickness of 
25 pre and sold by J, Rettenmaier & Sdhne GmbH a Co. under the brand name 
Abccell® FD600-30. 
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Component W. 

The rnaienai used as componontjii was: 
5 m: maleic anhydride 
Further components: 

The following maiefisis were used a® a component fe produce aoninyentive mixtures; 

10 

1-1 -V; An aliphatic polyester, Cargi-Dow's Hatumwork^ 2000D polylachde. 
Production and tasting of inventive polyester mixtures and of comparative mixtures: 

1 5 in a Raaocortf kneader from Heake operated at a speed a! 50 rpm end at ISCP'C 
under an argon atmosphere, in each case 60 got component PI wars melted, 
component iii-1 was added and the mixture was teeeded for 10 mm. The ih'l 
components were then added ahd knead tog: was continued at 160*0 far a further 
10 mm. The respective amounts of the ii-1 and iM components were chosen so as to 

20 give tile compositions reproduced In fable 1 Component &~1 was added In the form: of 
a solution consisting or 1 part by weight of m , one part by weight of methyl ethyl 
ketone and 0.03 part by weight of dMPbutyi peroxide. 

The homogeneities detemiiaed by the above-described method for the mixtures 
25 obtained are likewise reported in table 1 . 



Table 1: 





IP1 
20 wf.%* 


40 wi%* 


si-i 
60 wt%* 


li~1 

m *rv 


80 wt%" 


0wt%"onlh1 
(for comparison) 


'* 








■■■■■■■ ; 

i 


10wf%*ofiiei 


-H- 

— 


a-f 


■* 






ISwST of m~1 


•H> 

■■■ 




■H 






e 


3.0wt%^of:ii-d 




4-5- 








5.0 Wt%*of ili-1 




*+ 






-H- 



30 *; weight percentages are based on total weight of components M and iM . 
•■; inhomooeneous mixture with large fractions of undispensed component if- 1 
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substantially homogeneous mixture having isolated pockets of uiKfcp«r»ecl 
component iel 

**: homogeneous mixture having completely dispersed component if-i 

In e Rheooord 5 kneader from Haake operated at a speed of 60 rpm and at 18ff € 
under an ergon atmosphere, In each case 50 g of component PI were melted, 
component tiM was added and the mixture: was Kneaded 'for 10 miri. The 1F2 
components were then added and kneading was continued at 100 :: C for a further 
1 0 mm. The respective amounts of the SM and PZ components were chosen so as to 
give the compositions reproduced in table 2. Component liM was added in the form of 
a solution consisting of 1 pari by weight of ilM, one part hy weight of methyl ethyl 
ketone and 0.03 pari by weight of dm-butyi peroxide. 

The homogeneities determined by the above-descrtPed method for the mixtures 
obtained are likewise reported in table 2. 



Table 2: 





ii-2 
20 wt% * 


ii-2 
40 wi% * 


ih2 

00wf%* 


n-2 
70 wt%* 


2 

80wf%* 


0wt%-o?ftPl 
(for comparison) 










> % 


t0wf&*ofubl 












i.5wl%*ef m~l 


■5-4 










3.0 wt%* of s'ibl 












s.o wt%* afm 








-ef 


*•* 



*: weight percentages are based on total weight of components M and 11-2, 
•-: Irmornogeneous mixture with targe fractions of undispensed component ii-2 
■H substantially homogeneous mixture having Isolated pockets of undlspersed 
component li-2 

•e-K homogeneous mixture having completely dispersed component iP2 



in a Rheoconf kneader from Haake operated at a speed of 60 rpm and at 1«KTC 
under an argon atmosphere, In each case 50 g of component 01 or M-V were melted, 
component iif-i was added and the mixture was kneaded for 10 mlm The li-1 
components were then added and kneading was continued at 190X for 10 mlm The 
respective amounts of the i-1 and sbl corrsponente were chosen so as to give the 
compositions reproduced in table 3. Component iii-1 was added In the form of a 
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solution consisting of 1 part by weight of ifi-i one part by weight of methyl ethyl ketone 
and 0.03 part by weight of di-t- butyl peroxide. 

The aag-aaaUor- rates determined by the above- -described method for the mixtures 
5 obtained are likewise reported in taste 3. 



labia 3 



Mixture 


Degradation 
rate after 
0 weeks 
(wt%) 


Degradation 
rate after 
1 week 

(Wt%) 


Degradation 
rate after 
2 weeks 
Cw£%) 


Degradation 
rate after 
3 weeks 
(wt%) 


Degradation 
rate after 
4 weeks 
(wt%) 


WW, 50 wi%* 
ii-1 , 50 wt%* 

m t o-wt%* 

(for comparison) 


100 


95 


89 


82 


78 


m r 1.9 wt%* 

(for comparison) 


too 


08 


94 


91 


87" 


fiQwt%* 

km, owt%* 

(for comparison) 


100 


95 


8? 


70 


52 


hi, S0wt%* 
fbl, S0wt%* 
IIM, i.0wi%* 


100 


94 


72 


m 


31 



1 0 *: weight percentages are based on lota! weight of components i-1 (or 1-1 Af) and 
8-1 

The tests show that the inventive polyester mixtures having a high fraction of 
renewabies have good processing properties and improved degradation rates. 



1. 



A biodegradable polyester mixture comprising 



from 5% to 80% by weight based on the total weight of components i to h, of at 
least one polyester based en afiphaisc and aromatic dlcarboxyiic adds and an 
aliphatic dihydroxy compound (component I) and 

from 20% to 95% by weight, based on the total weight of components i to t of af 
least one renewable raw materia! {component si) and 

torn 0.1% to 15% by weight based on the total weight of components i to is, of a 
component it) whs eh <s capable of forming eovalent bonds w)th both component I 
and component it, 

2. A biodegradable polyester mixture as claimed In claim 1 , wherein said 
component l is polymerized from: 

A) an acid component composing 

el) from 3D to 99 mol% of at least one aliphatic or at least one 

cydoaiiphatie dicarhoxylic aoid or Its ester-forming derivatives or 
mixtures thereof 

a2) from 1 to 70 mo)% of at least one aromatic dlcarboxyiic add or Its 
ester-forming dehyative or mixtures thereof and 

a3) from 0 to t> : moi% of a sulfonated compound, 

the mole percentag.es of said components el } to a3) adding up to 100% 
and 

8} a die! component comprising at least one C r to Ciraikanedlo) or a C% to 
Ci.; r cydoalkanedbf or mixtures thereof 

and if deslmd additionally one or more components selected frees 
C} a component selected from 
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cl ) at teas! one dihyciroxy compound which contains ether functions and 
has the Ibrrnuia I 

HO^CH^-O^-H (!) 

where n is 2, 3 or 4 and m is an integer from 2 to 250. 
c2) at least one hydroxy carboxyi-c acid of the 'formula lis or Ho 



HO | C(0}--G 0~4pH 



•f-C(Or-G o-jr j 



m m 

where p is an integer tern 1 to -1-500, r is m integer from 1 to 4 and G 
rs a radical selected from the group consisting of phenylene, -(GH £ ) rs 
where q Is an integer from 1 to 5, «C(R)H~ and -C(R)HCH^ where R h- 
methyl or ethyl, 

c3) at least one amine-Cr to CirSikano) or at least one amfftd-CV to Q<$>~ 
cycioalkanol or mixtures thereof 

o4) at leasioae stenino-Cr to Gralkane 

c5) at least one ^Ig'-feisoxazotirie of the genera! formula ill 



— M N — ) 

€~~ R : — C 
— O 0— 



where R :! is a single bond, a (CH ; h,--ahyWno group, where z « 2 : 3 or 



4 : or a phenylene grout 



cb) at least one ammo earboxyllc acid selected trom the group consisting 
of the natural amino acids, poiyamidos obtainable by 
pofycondensafion of a dicarboxylic acid having from 4 to 6 carbon 
atoms arsd a diamine having from 4 to 10 carbon atoms;, compounds 
of the formulae IV a ana iVo 
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HD 




H 



[ 



where s is an integer fmrrs 1 to 1500, lis an integer from 1 to 4 and T 
is a radical selected from the group consisting of phenyfeoe. -(CR 2 Kr< 
where u is an integer torn 1. to 1.2, -C(R?|H- and .-€(R s }HCH : x where 
R" is methyl or ethyl, 

and polyoxa^lines containing the repeat unit V 



where is hydrogen, CP-€Valkyl s C«-C^yc!oalkyl s ynsubststuted or 
C r -C 4 -arkyl-nionosuhstitufed : -d is u bstl to ted or ^substituted phenyl or 
Is ietrahydrofuryt. 



dl } at least one compound having at least three groups capable of ester 
formation, 

d2) at least one isocyanaie 

03) at least one divinyl ether 

or mixtures of d1)tod3). 




or mixtures of el) to cS) 



20 



0} a component selected from: 



A biodegradable polyester mixture as claimed in claim 1 or 2, wherein said 
component 11 is one or more selected from the group consisting of starch, 
cellulose, lignim wood and cereals. 



4 

A biodegradable polyester mixture as elaimeciin any of claims 1 to 3, wherein 
said component $ h an unsaturated oarboxyite add or a derivative thereof. 

A biodegradable polyester mixture as claimed in any of claims 1 to 4, wherein 
said component ill is maieic amhydrlde, 

A biodegradable polyester mixture as claimed in any of claims 1 b 3 ; wherein 
said component til is an organic carboxyfcddd which is capable of forming 
unsaturated earboxylic acids by elimination of water, 

A biodegradable polyester mixture as claimed in any of claims 1 to 3, wherein 
said component lis is a compound containing two or mora epoxy groups in the 
molecule 

A biodegradable polyester mixture as claimed in any of claims 1 io 4, wherein 
said component ill is clvcldyl acrylafe and/or giycidyl methacryiaie. 

A biodegradable polyester mixture as claimed in any of claims 1 to S s comprising 

from 10% to 70% by weight of said component i and 

from 30% to 90% by weight of said component H, 

each percentage being based on the total weight of said components | to l 

A biodegradable polyester mixture as dteSftmt in any of claims 1 to 9. compfieing 
from 05% to 10% by weight of said component 81, based on the total weight of 
said components I to !!. 

A process for producing biodegradable polyester mixtures as par any of claims 1 
to 10, which comprises said components j, II and ill being in one step mixed end, 
In the presence or absence of a !ree--radleal initiator, reacted. 

A process i'or producing biodegradable polyester mixtures as per any of claims 1 
to 10. which comprises a first step of said component i being mixed with and, In 
the presence or absence of a free-radical initiator, reacted with one of said 
components i or il and a second step of the hitherto unused component is or 1 
being mixed in arid reacted. 

The use of the biodegradable polyester mixtures as per any of claims 1 to- 10 for 
producing blends, moldings, films, sheets or fibers. 
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Biodegradable polyester mixture 
Abstract 

5 The present invention relates to biodegradable polyester mixtures comprising 

from 5% 10 80% by weight, based so the total weight of components i to I, of at least 
one polyester based on aliphatic and aromatic dlcarboxyiic acids and an aUphaUc 
dihydroxy compound {component i) and 

10 

from 20% to 95% by weight, based on the total weight of components i to li, of a t least 
one renewable raw material (component it) and 

from 0. 1% to 15% by weight, based on the total weight ef component I to Ii. of a 
1 5 component i which is capable of forming covaieoi bonds with both component i and 
component II. 

'The present invention further relates to processes tor producing biodegradable 
polyester mixtures, to the use of biodegradable polyester mixtures for producihg 
ao blends, moldings, films, sheets or fibers and aisoio blends, moldings, films*, sheets or 
libers comprising biodegradable polyester mixtures. 



